SUMMARY In industrialized societies, blood pressure increases with age, and blood pressure at one age is related to blood pressure at an earlier age. Blood pressure is also related to weight, weight change, and maturation. This paper reviews the association of growth and maturation with blood pressure and the evidence for blood pressure "tracking" with age. Additional longitudinal studies are required to determine if blood pressures before puberty are related to blood pressures of sexually mature young adults. Adolescents with "gestational" hypertension also have relatively high blood pressures at long-term follow-up. Thus, it may be possible to identify young individuals who are at increased risk for cardiovascular disease. tion-based studies describing the association between blood pressure and age provide information about the natural history of hypertension. Most studies suggest that blood pressure increases with age and that blood pressure at one age is related to blood pressure at an earlier age. This raises the possibility that "prehypertensive" individuals can be identified at young ages. For clinical purposes, a designation of hypertension is generally based on an arbitrary blood pressure level; however, relatively little information is available to define the risks of different blood pressure levels at different ages. The purpose of this presentation is to briefly review the associations between age and blood pressure and the evidence for blood pressure "tracking" with age.
B
OTH cross-sectional and longitudinal population-based studies describing the association between blood pressure and age provide information about the natural history of hypertension. Most studies suggest that blood pressure increases with age and that blood pressure at one age is related to blood pressure at an earlier age. This raises the possibility that "prehypertensive" individuals can be identified at young ages. For clinical purposes, a designation of hypertension is generally based on an arbitrary blood pressure level; however, relatively little information is available to define the risks of different blood pressure levels at different ages. The purpose of this presentation is to briefly review the associations between age and blood pressure and the evidence for blood pressure "tracking" with age.
Effect of Age on Blood Pressure
In industrialized societies, based on the results of cross-sectional studies, blood pressure increases with age. K 2 We observed this phenomenon in a survey of an entire rural Kentucky community ( fig. 1 ). Both systolic and diastolic blood pressure tended to increase with age, and in addition we also observed a sex effect on blood pressure. Between ages 16 and 40 years, systolic blood pressure of males was higher than that of females, whereas above age 60, females had higher systolic blood pressures. Similar age-sex differences have been observed in other populations. 3 One hypothesis to explain the sex difference in the older age group is that the males with higher blood pressures had died, and consequently the survivors have lower blood pressures. At the other age extreme, the age effect on blood pressure also extends to infancy. Between the ages of 2 days and 6 weeks, blood pressure rises sharply and then remains relatively constant until 4 years of age. Subsequently, a further rise begins and extends into adult life. Most studies do not demonstrate a sex blood pressure difference in prepubertal children.
The rise of blood pressure with age is not an integral part of the aging process. A number of primitive societies have been identified in which blood pressure does not increase with age and in which hypertension is virtually unknown. 5 Generally, individuals within these societies consume little salt, raising the possibility that a high salt intake accounts for the apparent aging effect on blood pressure in industrialized societies. However, there are a number of other environmental differences apart from salt between primitive tribesmen and urban businessmen, and at present it is not possible to pinpoint the reason or reasons for blood pressure differences in selected primitive and industrialized societies.
The effect of age on blood pressure should be considered in a definition of hypertension, particularly in children. Indeed, one approach to defining hypertension in children is to relate blood pressure to age, as recently suggested by the National Heart, Lung and Blood Institute (NHLBI) Task Force on Blood Pressure Control in Children. 1 Similar to plotting an individual's height and weight in percentiles over time, charts may be constructed to follow blood pressure longitudinally ( fig. 2 ). This approach depends on the availability of blood pressure norms by age and sex. 
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Blood Pressure Tracking
Several studies of children and adults demonstrate that blood pressure of an individual tends to maintain the same relative rank order over time within a population and that blood pressure at one age is predictive of blood pressure at a later age. 6 " 20 This tracking phenomenon was clearly observed in the Framingham study in 30-to 59-year-old men, over seven examinations. 21 Between examinations 1 and 2, blood pressure in the higher group decreased and those of the lower groups tended to increase, a well-recognized phenomenon of regression toward the mean ( fig. 3 ). However, between examinations 2 and 7, the tracks were essentially parallel. Recent evidence from the Framingham study suggests that the rate of rise of blood pressure with age is accelerated in younger people with relatively higher blood pressures. 22 Similarly, in 50-year-old Swedish males, Svardsudd et al. reported that the systolic blood pressure change during a 10-year follow-up was positively correlated with the blood pressure level at the start of the study. 23 To evaluate the tracking phenomenon at younger ages, we are obtaining longitudinal blood pressure information in young adults residing in Bourbon County, Kentucky, a rural, predominantly white county with a high prevalence of hypertension. In 1972, we obtained standardized measurements of blood pressure, height, and weight for all high school students in the County. We arbitrarily divided these students into 14-to 15-year-old and 16-to 19-year-old groups, because the BLOOO PRESSURE younger group was physically less mature and still growing. We are obtaining follow-up measurements in the entire original 14-to 15-year-old population and in selected subgroups of the 16-to 19-year-old population. Follow-up measurements were obtained at 5 years, 18 and to date we have completed 8-year followup measurements in approximately 50% of the subjects in these populations.
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Of the original 14-to 15-year-old group, among males, systolic and diastolic blood pressures increased significantly (p < 0.0006) between the initial and 5-year follow-up survey, with no additional increase between the 5-year and 8-year surveys (table 1 ). In contrast, systolic blood pressure of females did not change between the initial and 5-year follow-up surveys, but increased (p < 0.004) between the 5-year and 8-year follow-up surveys; diastolic blood pressure increased between each of the surveys (p < 0.05). Between the original and 5-year follow-up surveys, height and weight increased significantly (p < 0.009) in males and females, and these increases were greater in males. Between the 5-year and 8-year follow-up, there was no additional increment of height, although weight increased (p < 0.01) in both males and females. There were highly significant correlations between repeated measurements of both systolic and diastolic blood pressure (table 2) . Change in systolic blood pressure over time was positively correlated with change in relative weight, using wt/ht 2 as an index of relative weight.
Of the original 16-to 19-year-old population, follow-up measurements were obtained in individuals who, at the original survey, had systolic blood pressures 2s 95th percentile by sex (high), ^ 5th percentile (low), and an intermediate group randomly selected from the remainder of the population. Among both males and females, between the initial and 5-year follow-up surveys, mean systolic blood pressure decreased in subjects selected as having "high" systolic blood pressure and increased in subjects selected as having "low" blood pressure (table 3) . These changes are attributed to the phenomenon of regression toward the mean. At each of the two follow-up surveys, systolic blood pressure differences, by sex (p < 0.0001), were maintained among groups defined as having relatively "high," "intermediate," or "low" systolic pressure on the basis of the original blood pressure distribution. Group differences of diastolic blood pressure were also maintained over time. Weight, but not height, increased in all groups over the 8-year period. Relative weight was highly correlated with blood pressure at all three surveys (p < 0.0001), and groups defined on the basis of blood pressure also differed in relative weight (p < 0.0001). Correlation coefficients between initial and followup blood pressure measurements were highly significant (table 4) . Additionally, there were highly significant correlations between change in relative weight and change in blood pressure over time. Comparable correlation coefficients were noted for both males and females. Similar to these results, in a 17-year follow-up study of high school students, Kuller et al. 16 also observed a significant correlation between repeated blood pressure measurements over time and a relationship between increase in blood pressure and weight gain. Other investigators have described weak but significant correlations between repeated blood pressure measurements obtained during infancy. 4 ' ' 2 -l3
Effect of Growth and Maturation in Blood Pressure
At all ages, blood pressure is related to body size. In children and adolescents, blood pressure is also highly correlated with various indices of growth and maturation, including height, Tanner's staging of sexual maturity, and radiographic determination of bone age. 24 -25 Indeed, to define normal or elevated blood pressure in children, it has been suggested that blood pressures be related to height or weight rather than to chronologic age. 26 " 28 Although most studies have found significant correlations between repeated blood pressure measurements in children and adolescents, several investigators have reported that correlations between repeated blood pressure measurements tend to decrease during puberty, probably because of the confounding effects of growth and maturation on blood pressure. For example, Katz et al. 24 obtained follow-up blood pressure measurements of 7-year olds, and divided the population on the basis of blood pressure percentiles at age 7. Group systolic blood pressure differences of those with relatively high, intermediate, and low blood pressures at age 7 persisted until age 15 in males and until 13 in females (fig. 4) . However, in both sexes, the tracking relationship tended to disappear after puberty. This apparent loss of tracking may be related to the fact that the pubertal growth spurt tended to occur later in smaller children, and consequently these late maturers had "catch-up" blood pressure at a later age. Additional longitudinal studies are required to determine if blood pressures before puberty are related to blood pressures of sexually mature young adults.
Long-Term Significance of Hypertension in
Pregnancy In normal pregnancy, arterial pressure tends to decrease during the midtrimester. Hypertension of pregnancy is defined as the presence of any one of the following: 29 1) a sustained rise of at least 30 mm Hg over the usual level of systolic blood pressure; 2) a sustained rise of at least 15 mm Hg over the usual level of diastolic blood pressure; 3) a sustained systolic blood pressure of at least 140 mm Hg; and 4) a sustained diastolic blood pressure of at least 90 mm Hg.
We are conducting a longitudinal study to determine if hypertension during nulliparous adolescent pregnancy is associated with subsequent hypertension. 10 Our initial study population consisted of 409 pregnant ado- women (18% of the entire population) were diagnosed as having hypertension of pregnancy. Hypertension during pregnancy was generally mild; only one of the women had seizures, and none had more than 1 + proteinuria, by dipstick. Follow-up measurements of blood pressure were obtained at 3-6 years and again at 6-9 years after pregnancy in these women and in a control group from the remainder of the Young Mothers' population who had remained normotensive throughout pregnancy. Women with a history of hypertension during pregnancy were heavier before (p < 0.0001), during (p < 0.01), and after pregnancy (table 5) than women who had remained normotensive throughout pregnancy. At delivery, infant and placental weights of women with hypertension in pregnancy were also increased (p < 0.03). Compared to women who had remained normotensive throughout pregnancy, young women with a history of hypertension during pregnancy maintained relatively higher blood pressures for 6-9 years after pregnancy, and had a higher incidence of hypertension in subsequent pregnancies (54% vs 15%). In addition, blood pressures of the young mothers were highly correlated with blood pressures of both their children (r = 0.34 p< 0.0003) and of their own mothers (r = 0.24, p < 0.01). Blood pressures of children of women with a history of hypertension in pregnancy were slightly but significantly (p < 0.05) higher than blood pressures of children of mothers without a history of hypertension in pregnancy.
These women had "gestational hypertension" rather than pre-eclampsia. 31 Compared to pre-eclampsia, blood pressure elevations during pregnancy are less striking in women with gestational hypertension, and unlike pre-eclampsia gestational hypertension is not associated with significant proteinuria or abnormal edema. 29 -•" Gestational hypertension tends to recur in a high proportion of later pregnancies and is associated with an increased prevalence of chronic hypertension and cardiovascular disease mortality at long-term follow-up. Consistent with our results, in a prospective study of black women, Langford and Watson 32 recently reported that blood pressures and weights of women who developed "mild pre-eclampsia" (gestational hypertension) during a first pregnancy were also higher before pregnancy and at 6 weeks after delivery than respective levels in women who did not develop hypertension in pregnancy. In contrast to gestational hypertension, most evidence suggests that "true" preeclampsia is not associated with an increased incidence of subsequent hypertension.
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Conclusions
Blood pressure at one age is predictive of blood pressure at a later age. In young women, mild hypertension during pregnancy is also predictive of higher blood pressures at a later age. However, some investigators report that correlations of repeat blood pressure measurements are of a low order of magnitude and tend to decrease over time. 2533 Repeated blood pressure measurements over time may be required to evaluate the "tracking" hypothesis, and correlation coefficients may achieve greater statistical significance after adjustment for the phenomenon of regression toward the mean. 34 Blood pressure is closely related to growth and maturation, and it has not yet been demonstrated that blood pressure in the prepubertal child is predictive of blood pressure in the young adult. Nevertheless, blood pressure at one age is generally regarded as the single most reliable predictor of blood pressure at a later age.
One clinical implication of the tracking phenomenon is that adolescents and young adults with relatively high blood pressures are at increased risk for developing hypertension as blood pressure increases with age. In young adults, even modest elevations of blood pressure are associated with an increased incidence of cardiovascular disease. For example, Paffenbarger et al. 7 - 35 have reported that a difference of a few millimeters of mercury in the blood pressure of college students is associated with significant increases in later mortality from both stroke and coronary heart disease. In male college entrants with a single systolic blood pressure above 130 mm Hg, death from coronary heart disease in middle-aged years was 1.6 times greater than that of males whose blood pressure were less than 130 mm Hg at college entrance. 36 We have recently observed that young adults in our Bourbon County population with relatively high blood pressure sustained over 5 years have echocardiographic evidence of increased cardiac work and left ventricular wall stress. 37 Thus, identification of adolescents and young adults with relatively high blood pressures defines a high risk group, and innovative strategies for interventions in this group may have important implications for the primary prevention of cardiovascular disease.
